CLNS 02/1806 
CLEO 02-15 

First Search for the Flavor Changing Neutral Current Decay 

T. E. Coan/ Y. S. Gao/ F. Liu/ Y. Maravin/ R. Stroynowski/ M. Artuso,^ 
C. Boulahouache,^ S. Blusk,^ K. Bukin,^ E. Dambasuren,^ G. C. Moneti,^ R. Mountain,^ 

H. Muramatsu,^ R. Nandakumar,^ T. Skwarnicki,^ S. Stone, ^ J.C. Wang,^ 
A. H. Mahmood,^ S. E. Csorna,^ I. Danko,^ G. Bonvicini,^ D. Cinabro,^ M. Dubrovin,^ 

S. McGee,^ A. Bornheim,^ E. Lipeles,^ S. R Pappas,'' A. Shapiro,^ W. M. Sun,*^ 
A. J. Weinstein,^ R. A. Briere/ G. P. Chen/ T. Ferguson/ G. Tatishvili/ H. Vogel/ 
^ ". N. E. Adam/ J. P. Alexander/ K. Berkelman/ V. Boisvert/ D. G. Cassel/ P. S. Drell/ 

O ; J. E. Duboscq/ K. M. Ecklund/ R. Ehrlich/ R. S. Galik/ L. Gibbons/ B. Gittelman/ 

^ ; S. W. Gray/ D. L. Hartill/ B. K. Heltsley/ L. Hsu/ C. D. Jones/ J. Kandaswamy/ 

^] D. L. Kreinick/ A. Magerkurth/ H. Mahlke-Kriiger/ T. O. Meyer/ N. B. Mistry/ 

^ ; J. R. Patterson/ D. Peterson/ J. Pivarski/ S. J. Richichi/ D. Riley/ A. J. Sadoff/ 

^ ■ H. Schwarthoff/ M. R. Shepherd/ J. G. Thayer/ D. Urner/ T. Wilksen/ A. Warburton/ 

m ■ M. Weinberger/ S. B. Athar/ P. Avery/ L. Breva-Newell/ V. Potlia/ H. Stoeck/ 

^ : J. Yelton/ K. Benslama/° B. I. Eisenstein/° G. D. Gollin/° 1. Karliner/° N. Lowrey/° 

> : C. Plager/° C. Sedlack/° M. Selen/o J. J. Thaler/° J. Wilhams/" K. W. Edwards/^ 

: R. Ammar/2 D. Besson/^ x. Zhao/^ S. Anderson/^ v. V. Frolov/^ D. T. Gong/^ 

O ; Y. Kubota/3 S. Z. Li/^ R. Poling/^ A. Smith/^ C. J. Stepaniak/^ j. Urheim/^ 

^ ; Z. Metreveh/^ K.K. Seth/^ A. Tomaradze/^ P. Zweber/^ S. Ahmed/^ M. S. Alam/^ 

CNI ■ J. Ernst/^ L. Jian/^ M. Saleem/^ F. Wappler/^ K. Arms/^ E. Eckhart/*^ K. K. Gan/^ 

C. Gwon/6 K. Honscheid/6 D. Hufnagel/^ H. Kagan/^ R. Kass/^ T. K. Pedlar/^ 
^ ' E. von Toerne/*^ M. M. Zoeller/^ H. Severini/^ P. Skubic/^ S.A. Dytman/^ 

' : J.A. Mueller/s S. Nam/^ V. Savinov/^ S. Chen/^ J. W. Hinson/^ J. Lee/^ 

D. H. Miller/9 v. Pavlunin/^ E. I. Shibata/^ I. P. J. Shipsey/^ D. Cronin-Hennessy/° 
A.L. Lyon/° C. S. Park/° W. Park/° J. B. Thayer/° and E. H. Thorndike^^ 



O 



^ : (CLEO Collaboration) 

■ ^Southern Methodist University, Dallas, Texas 75275 

^Syracuse University, Syracuse, New York 13244 
^University of Texas - Pan American, Edinhurg, Texas 78539 
^ Vanderbilt University, Nashville, Tennessee 37235 
^ Wayne State University, Detroit, Michigan 48202 
^California Institute of Technology, Pasadena, California 91125 
'^Carnegie Mellon University, Pittsburgh, Pennsylvania 15213 
^Cornell University, Ithaca, New York 14853 
^University of Florida, Cainesville, Florida 32611 
^'^ University of Illinois, Urbana- Champaign, Illinois 61801 
Carleton University, Ottawa, Ontario, Canada KIS 5B6 
and the Institute of Particle Physics, Canada M5S 1A7 
University of Kansas, Lawrence, Kansas 66045 
University of Minnesota, Minneapolis, Minnesota 55455 
^'^Northwestern University, Evanston, Illinois 60208 
State University of New York at Albany, Albany, New York 12222 



1 



^^Ohio State University, Columbus, Ohio 43210 
^'^ University of Oklahoma, Norman, Oklahoma 73019 
University of Pittsburgh, Pittsburgh, Pennsylvania 15260 
Purdue University, West Lafayette, Indiana ^1901 
University of Rochester, Rochester, New York 14627 
(Dated: February 7, 2008) 

Abstract 

Using 13.8 fb^^ of data collected at or just below the T{4S) with the CLEO detector, we report 
the result of a search for the flavor changing neutral current process 77. We observe no 

significant signal for this decay mode and determine 90% confidence level upper limits on the 
branching fractions B{D^ ^-f)/B{D^ 7r°7r°) < 0.033 and B{D^ 77) < 2.9 x 10-^. 
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In the standard model (SM), flavor changing neutral current (FCNC) processes are for- 
bidden at the tree level but can occur at higher loop level. Therefore, they provide a good 
opportunity to probe new physics beyond the SM, especially those processes where very 
small SM signals are expected. The experimental studies of FCNC processes for charm have 
lagged behind those of the other flavors. The decay ^ 77 is a FCNC process which 
has not been measured. The branching fraction for 77 expected from SM physics 

is about 10~® or less P, 13; but gluino exchange in supersymmetric models with reasonable 
parameters can enhance the SM rate by as much as two orders of magnitude 0]. 

In this Letter, we present results of the first search for the FCNC process 77. 
The data were collected with two configurations (CLEO II and CLEO II. V jsl) of the 
CLEO detector at the Cornell Electron Storage Ring (CESR). They consist of 13.8 fb~^ 
taken at or just below the T(4S) where cc or other accessible quark pairs are produced 
with the candidates produced in the hadronization of cc pairs. The final states of the 
decays under study are reconstructed by combining detected photons or neutral pions with 
charged pions. The detector elements most important for the results presented here are 
the tracking system, which consists of several concentric detectors operating inside a 1.5 T 
superconducting solenoid, and the high-resolution electromagnetic calorimeter, consisting of 
7800 CsI(Tl) crystals. For CLEO II, the tracking system consists of a 6-layer straw tube 
chamber, a 10-layer precision drift chamber, and a 51-layer main drift chamber. The main 
drift chamber also provides a measurement of the specific ionization loss, dE/dx, used for 
particle identification. For CLEO II. V the straw tube chamber was replaced by a 3-layer, 
double-sided silicon vertex detector, and the gas in the main drift chamber was changed 
from an argon-ethane to a helium-propane mixture. 

Due to the small expected branching fraction, the mass resolution for two-photon final 
state, and the huge combinatoric backgrounds from random photons, it is extremely difficult 
to find a Z?" mass peak in 77 invariant mass if searching directly for —>■ 77. However, 
the situation is very different if we require the to be produced from the decay D*^ 
D^TT^. The energy release Q of candidates for the decay D*~^ — D^tt"*" is given hj Q/c^ = 
M{D*^) — M{D^) — M^+. In this expression, M(D*+) and M(Z?°) are the invariant masses 
of the D*^ and candidates, respectively, and Mn-+ is the vr"*" mass 0. There exists 
an excellent calibration mode, D*^ D^-k^ where tt^tt'^. This calibration mode 

and the signal mode have similar final state particles so many common systematic errors 
will cancel. The branching fraction of tt^tt'' was measured to be B{D^ — > vr^vr^) = 

(8.4 ± 2.2) X 10""^ [6, a]. The CLEO resolution in Q is better than 1 MeV and does not 
differ significantly between the two decay modes. The analysis strategy to search for 
— > 77 is to use D*^ — > D^tt^ where 77 and -D° tt^tt^, and calculate the ratio, 

B{D^ — > 77)/;B(i5° — > 7r°7r°). Charge-conjugate modes are implied throughout this Letter. 

Candidates for meson decays are reconstructed by combining two detected photons or 
neutral pions. The invariant mass of the two photons or neutral pions is required to be within 
2.5 standard deviations (a) of the known mass The photon candidates are required 
to pass quality cuts and not to be associated with charged tracks. To form 7r° candidates, 
pairs of photon candidates with invariant mass within 3a of the vr" mass M^a [i*] are fitted 
kinematically with the mass constrained to M^o. To reduce combinatoric backgrounds, each 
7r° or photon candidate in the —>■ tt^tt^ or 77 candidate is required to have momentum 
greater than 0.55 GeV/c. Furthermore, each candidate is required to have momentum 
greater than 2.2 GeV/c. These requirements come from an optimization that minimizes the 
statistical error of the branching fraction D*~^ D^ti^ where tt'^tt". 
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A vr"*" is then combined with the candidate to form a D*~^ candidate. The 7r+ candidate 
must be a well-reconstructed track originating from a cylinder of radius 3 mm and half- 
length 5 cm centered at the e^e~ interaction point. The minimum momentum requirement 
on the candidate of 2.2 GeV/c corresponds to a lower limit on the vr"*" momentum of 
approximately 100 MeV/c. The dE/dx information for the 7r+ candidate, if it exists and is 
reliable, is required to be within 3cr of its expected value. The two energetic photons, one 
from each 7r° in ir^n^ decay, can form fake D° 77 candidate. To limit cross-feed 

from —>■ 71^71^, a photon candidate in —>■ 77 is rejected if M(77) is within 3a of M^o 
when combined with any other photon in the event (77° veto). 

To estimate the detection efficiencies and backgrounds, we generate D*~^ D^vr"*" with 
1)0 _^ jjo tt^tt", together with generic Monte Carlo events {uu, dd, ss, and 

cc) produced near the T(4S'), and simulate the CLEO detector response with GEANT 0. 
Simulated events for the CLEO II and CLEO II. V configurations are processed in the same 
manner as the data. With the above event selection, multiple candidates per event are rare 
(less than 1%). From Monte Carlo simulations, the cross feed contribution from — > 7r*^7r° 
to — s- 77 in the signal region of the Q distribution is about one event (or about 4 events 
without the 7r° veto). Other cross feed contributions from possible rjrj, rjX decays are 

negligible. 

Figure 1 shows the Q distributions for D*~^ D^tt^ candidates where vr^vr^ and 

—>■ 77. The circles with error bars are CLEO data which are fit using a binned likelihood 
fit to a Gaussian function with expected mean and width determined from signal Monte Carlo 
simulation, on top of a threshold background function. For D*~^ D^vr^ where tt^tt^, 
N{tt^7c'^) = 628.0 ± 31.8 signal events are observed. The signal and background levels found 
in the data are in good agreement with those obtained from Monte Carlo simulations. For 
D*~^ D^7i~^ where 77, no significant enhancement is observed in the signal region. 

The signal yield from the fit is iV(77) = 19.2 ± 9.3 events. 

From Monte Carlo simulations, the relative efficiency for 77 and ti^tt^ is 

determined to be: e(77)/e(7r*^7r°) = 1.58 ± 0.05. The systematic uncertainties come from 
event selection, signal yield from data and Monte Carlo simulation, and are listed in Table I. 
The other common systematic uncertainties for D*~^ —>■ D^ti^ cancel in measuring B{D^ — > 
77)/i3(L'° 7r°7r°) = [A^(77)/A^(7r°7r°)]/[e(77)/e(7r°7r°)] = 0.0194 ± 0.0094. Combining 
the signal yields, relative selection efficiency and systematic uncertainties in D*^ D^-k^ 
where t^^tt^ and —>■ 77, we then obtain a 90% confidence level (C.L.) upper 

limit by the following method. We only consider the physical region of the ratio B{D^ — >■ 
^^)/B{D^ — > vr^vr'^) assuming that the shape of the likelihood is Gaussian with an unknown 
mean, but whose standard deviation is determined by the statistical and systematic errors 
added in quadrature. We then determine the 90% C.L. upper limit to be the mean of the 
Gaussian, 90% of whose probability lies above the observed ratio. We set an upper limit: 
i3(^° ^ 77)/i3(D° ^ vrOvrO) < 0.033 at the 90% C.L. Using B{D^ -k^^^) = (8.4 ± 2.2) 
X 10"^ 0,0, we similarly set an upper limit: i3(D° ^ 77) < 2.9 x 10"^ at the 90% C.L. 

In summary, we report the result of a search for the FCNC process of —> 'j'j. We 
observe no significant signal for this decay mode and determine the first 90% C.L. upper 
limits on the following branching fractions: B{D^ 'j'j)/B{D^ —>■ ir^n^) < 0.033 and 
B{D^ —>■ '-f'-f) < 2.9 X 10"^. This result is an order of magnitude above the theoretical 
prediction of Ref. 

We gratefully acknowledge the effort of the CESR staff in providing us with excellent 
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FIG. 1: The Q distributions for D*+ D^^tt^ where tt^t:^ (a) and -f-f (b). The circles 

are from data and the sohd curves are the fit to the data. The histograms are from the normahzed 
Monte Carlo expectations. 
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TABLE I: Summary of systematic error sources and their contribution in measuring the ratio 



Systematic Error Source 


Error (%) 


TT^ finding efficiency 


5.0/7r° 


7 finding efficiency 


3.0/7 


Fit Yield 


3.0 


selection 


2.0 


MC Statistics 


2.0 


Hadronic Event Selection 


1.0 


Total for — > 77 


7.3 


Total for L>° ^ 7r°7r° 


10.9 


Total for B{D^ -f-f)/B{D° tt^tt^) 


13.1 
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